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In this paper a novel 5 switch seven level DC-AC inverter is being proposed. 
The proposed multilevel inverter uses reduced number of switches as 
compared to the switches used in the conventional multilevel inverter. The 
inverter has been designed to generate a 7 level AC output using 5 switches. 
The voltage stress on each of the switches as well as the switching losses is 
found to be less, minimized common mode voltage (CMY) level and reduced 
total harmonic distortion. The proposed 7-level inverter topology has four dc 
sources, which is energized through the PV system. Proposed inverter is 
controlled with help of multicarrier sinusoidal pulse width modulation 
(MCSPWM).The simulation and hardware results were verified using matlab 
simulink and dspic microcontroller respectively. 
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1. INTRODUCTION 

With the advent of increasing pollution levels and depleting natural resources, it is evident that non 
renewable energy sources such as coal cannot be used for the longer run. So the solution for the future is non- 
conventional energy sources such as wind energy, solar energy etc [1]. Photovoltaic energy which is the best 
form of energy available to us in the form of sunlight. The energy received from the sun can be used in solar 
heating applications as well as utilizing the solar energy to produce the electricity [2]. The solar energy is the 
best form as it causes no pollution, It is available free of cost and it requires very less maintenance as 
compared to the other energy sources. The only problem that lies in the grid connected PV systems is that 
they compromise the power quality, Rapid changes in the voltage between the PV array and the grid results 
in voltage imbalance and voltage flicker [3]. To solve the problem of leakage current and maintaining the 
power quality is to use transformer-less multilevel inverters. The benefits of the transformer-less multilevel 
inverters in grid connected systems are that it increases the system stability and reduces the current leakage 
and reduces the total harmonic distortion. The benefit of the transformer less system is overall weight size 
and cost reduction [4]-[5]. 

The multilevel inverter is used in application pertaining from medium voltage levels to higher 
voltage levels. The advantages lie in reduced DV/DT stress on each of the switches to the increase in the 
voltage levels, reduced harmonics and lower switching losses and less electromagnetic interference [6]-[7]. 
As in all the conventional multilevel inverters such as NPCMLI, H-BRIDGE, Diode clamped multilevel 
inverter the active sources of energy is higher and the switches used in the conventional multilevel inverters 
is 2(n-l); where n is the no. of output voltage [8]. So as the voltage level increases the no of switches also 
increases, with the increase in the number of switches the cost of the entire system increases [9]. 
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Multicarrier sinusoidal pulse width modulation is being used here for the purpose of generating the 
pulses. In multicarrier sinusoidal pulse width modulation technique 2 or more carrier waves are compared 
with a reference sinusoidal wave and the pulse is generated using appropriate timing [10]. The generated 
pulse is used to trigger the MOSFET. In comparison with the other proposed topologies such as diode 
clamped multilevel inverter uses 12 switches, 10 diodes, 6 input capacitors to produce a 7 level output, 
Clamped capacitor multilevel inverter uses 12 switches, 5 clamped capacitors and 2 input capacitors [11]. 
In [12] paper uses 8 switches , 3 diodes and 3 input capacitors, as our proposed system uses no diodes and 
active elements and our system contains less number of switches as a result the cost of our entire system 
reduces. 

In this proposed system the inverter topology has been designed to generate a 7 level AC output 
using 5 switches. The voltage stress on each of the switches as well as the switching losses is found to be 
less, minimized CMV level and reduced total harmonic distortion. The proposed 7-level inverter topology 
has four dc sources, which is energized through the PV system. Proposed inverter is controlled with help of 
multicarrier sinusoidal pulse width modulation (MCSPWM), which briefly discussed in the following 
sections. 


2. PV PANEL MODELLING AND BOOST CONVERTER 

The important part of the solar panel is the solar cell. A photovoltaic panel is designed by 
connecting any such solar cells in either parallel or series depending upon the maximum power that has to be 
utilized. The characteristic equation of the PV is dependent upon the number of solar cells either in series or 
in parallel. The current variation is less dependent on the shunt resistance and it is more dependent on the 
series resistance. It operates as a constant current source at less voltage and a constant voltage source at less 
current. 

2.1. Solar Irradiation 

The PV-IV curves of the solar cell are highly dependent on the solar irradiation. The solar irradiance 
is the amount of the solar energy received from the sun. The maximum power that can be extracted from the 
solar cell depends on the irradiance. The higher the amount of solar irradiance the maximum will be the 
power input and therefore the maximum will be the magnitude of power generated. With increase in the solar 
irradiation the open circuit voltage increases. When the amount of the sunlight increases the solar excitation 
also increases as a result of which the electrons get excited and the electron mobility increases and the 
maximum power generated also increases. 

2.2. Effect of Variation in Temperature 

With the increase in the temperature solar cell efficiency reduces, as the increase in the temperature 
is accompanied by the decrease in the open circuit voltage. The increase in the band gap also increases the 
band gap barrier and it requires a lot of excitation for crossing the band gap, so the efficiency reduces. 

2.3. Boost Converter 

The boost converter is used to step up the input voltage which it receives from the solar cell; The 
main components are inductor, diode and a high frequency switch. It is used to supply power to the load at a 
voltage higher than the input voltage. There are two modes of operation 1) Charging mode 2) Discharging 
mode. 

a. Charging mode: When the switch is closed the inductor charging takes place through the switch. The 
charging current is exponential in nature. The diode restricts flow of the current from source to the load 
and demand of the load is met by discharging of the capacitor. 

b. Discharging mode: The switch is open in this mode, the inductor discharging takes place and together 
with the source charges the capacitors and meets the load demands. 

2.4. Maximum Power Point Tracking 

The MPPT is the electronic device which helps the PV panel to extract the maximum power from 
the solar cell. It varies the electrical operating point of the modules so as to increase the output of the PV 
modules. A typical solar panel converts only about 30 percent to 40 percent of the solar irradiance as a result 
of which the efficiency reduces. According to the maximum power transfer theorem for maximum power to 
be extracted the load impendence should match with the thevenin impedance. In the source side a boost 
converter is connected in order to increase the output voltage as a result of which by changing the duty cycle 
of the switching, we can match the load side impedance with the source side impedance. The different 
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control strategies used in the MPPT converter are perturb and observe, fuzzy logic control and fractional 
short circuit current. 


3. POWER STAGE 
3.1. Circuit Configuration 

The proposed seven level 5 switch inverter topology is shown in Figure 1. Shows the proposed 
novel topology producing the 7 level output. The input voltage is given by the 4 individual PV system panels. 
The pulses are given to each of the 5 MOSFETS controlled switches. The output generated is a 7 level 
staircase output which nearly identifies itself with the sine wave. 



Figure 1. Novel 7 Level 5switch inverter topology 


3.2. Modes of Operation 

The required 7 level output voltage level (+30V, +60V, +90V, 0V, -30V, -60V, -90V) are generated 

as follows : 

Mode 1 : To generate +30v voltage level, switches SI and S4 are turned on and remaining switches are 
turned off. Figure 2.1 (a) shows the flow of current for model. 

Mode 2 : To generate +60v voltage level, switches S2 and S4 are turned on and remaining switches are 
turned off. Figure 2.1(b) shows the flow of current for mode2. 

Mode 3 : To generate +90v voltage level, switches S3 and S4 are turned on and remaining switches are 
turned off. Figure 2.1(c) shows the flow of current for mode3. 

Mode 4 : To generate Ov voltage level, switches S4 and S5 are turned on and remaining switches are turned 
off. Figure. 2.1(d) shows the flow of current for mode 4. 

Mode 5 : To generate -30v voltage level, switches S3 and S5 are turned on and remaining switches are 
turned off. Figure 2.1(e). shows the flow of current for mode 5. 

Mode 6 : To generate -60v voltage level, switches S2 and S5 are turned on and remaining switches are 
turned off. Figure 2.1(f). shows the flow of current for mode 6. 

Mode 7 : To generate -90v voltage level, switches SI and S5 are turned on and remaining switches are 
turned off. Figure 2.1(g). shows the flow of current for mode 7. 

The modes of operation for generation of proposed 7-level output voltage are shown in Table 1. 


Table 1. Switching Combination Required to Generate the Seven-Level Output Voltage Waveform 

Modes 

SI 

S2 

Switches 

S3 

S4 

S5 

Output Voltage 
(V) 

Mode 1 

ON 

OFF 

OFF 

ON 

OFF 

+30 

Mode 2 

OFF 

ON 

OFF 

ON 

OFF 

+60 

Mode 3 

OFF 

OFF 

ON 

ON 

OFF 

+90 

Mode 4 

OFF 

OFF 

OFF 

OFF 

OFF 

0 

Mode 5 

OFF 

OFF 

ON 

OFF 

ON 

-30 

Mode 6 

OFF 

ON 

OFF 

OFF 

ON 

-60 

Mode 7 

ON 

OFF 

OFF 

OFF 

ON 

-90 
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(a) Flow of current for model 1 



(c) Flow of current for mode3 



(b) Flow of current for model 1 

30V 


V S4 

;I ' Y 

R 



(d) Flow of current for mode 4 


30V-L— 



(e) Flow of current for mode 5 


(f) Flow of current for mode 6 



(g) Flow of current for mode 6 

Figure 2. Modes of operation (a) model= +30 V (b) mode2= +60 V (c) mode3= +90 V (d) mode4= -30 V (e) 

mode5= -60 V (f) mode6= -90 V (g) mode7= 0 V 
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4. MULTICARRIER SPWM (MCSPWM) 

In order to preserve or reduce system cost or structure, imperative to maintain the shoot through 
ratio as constant. At the same to reduce the voltage stress across the power switches, the boosted voltage with 
proper variation of modulation index. In Figure 3 shows the multicarrier sinusoidal pulse width modulation 
scheme , which acquire better voltage gain with constant value of shoot through state. Based on the MBC 
control, the z-source inverter operated either on upper shoot through or lower shoot through mode. Constant 
boost ratio of the proposed system defined as, 


[3sqrt(3)M]—n 


Where the B is boost ratio & M is modulation index. And the ripple content in the inductor is, 


€L ± 


V*K 
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( 2 ) 


Here V is applied voltage, K-constant, f-frequency, L- design value inductance 
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Figure 3. Multicarrier sinusoidal PWM scheme 


A triangle carrier wave is evaluated with a three phase reference sine wave, each phase for a positive 
side switch shoot through state occurs every time the triangle peak value overshoots the sinusoidal peak 
amplitude, so twice for each phase in one cycle of operation. At other instants when the sinusoidal magnitude 
is greater, the inverter exhibits active vector switching states. Using minimum /maximum utility for the three 
phase sinusoidal its upper and lower wrapper waveforms are compared alongside the same carrier to 
engender shoot through pulses for the positive and negative carrier peak values respectively, which added 
using OR gate circuit. 


5. SIMULATION AND RESULTS 

To verify the performance of 7-level proposed inverter novel topology was simulated using 
matlablb. The IGBT control switches are prepared for this novel proposed 7-level 5 switch inverter, which is 
controlled by multicarrier sinusoidal pulse width modulation technique. The simulation of novel 7-level 
inverter topology is shown in Figure 4. 
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Figure 4. Simulation diagram of proposed system 7-level inverter 


In Figure 5 shows the 7-level stepped output voltage of proposed system inverter with voltage of 
292 V and the output current of 9.7A, which is shown in Figure 6 and in Figure 7 shows the switching pulses 
generation with help of MCSPWM scheme to control the 5 switches placed in proposed inverter topology. 
The voltage across the switches placed in the proposed inverter varied depends on the generation of stepped 
output voltage levels, which is shown in Figure 8. 



Figure 5. 7-level stepped output voltage of proposed system 



Figure 6. Output current of proposed system inverter topology 
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Figure 7. Switching pulses generation using MCSPWM 



Figure 8. Voltage across the switches placed in the proposed inverter 



FFT analysis 


Fundamental (50Hz) = 9.765 , THD= 4.03% 



(b) 


Figure 9. THD analysis of proposed system (a) output voltage (b) output current 
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In Figure 9 shows THD analysis of proposed 7-level 5 switch novel inverter topology, in that 
Figure 9a shows the THD for output voltage with 4.03% and Figure.9b shows the THD for output current 
with 4.03%, which is less than conventional 7-level inverter topologies. 


6. EXPERIMENTAL RESULTS AND DISCUSSION 

To authenticate the simulation results of proposed system, the hardware setup was investigated. 
In Figure 10 shows the control strategy of proposed inverter system. 
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Figure 10. Hardware output voltage of proposed 7-level inverter 
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Figure 11. Switching pulse generation using MCSPWM for SI 


1 50.0V/ 2 _ 0.0s 10.00s/ Stop * 1 3.20V 












KEYSIGHT 

TECHNOLOGIES 

Acquisition 

Normal 

500kSa/s 

Channels :• 

DC 10.0:1 

DC 10.0:1 

Measurements 

nc 











i n 

r\ 

i n 

A 

i n 

r\ 


A 


A 


irLr 


ir.i 

V 

t.Ij 

y 

krLr 

y 

o 





















Hk-Hklz). 

No signal 
AC RMS - Cyc(2): 

No signal 

Period(2): 

No signal 






















Figure 12. Voltage across the switch SI 
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Figure 13. Experimental setup of proposed system 


In Figure 10 shows hardware output voltage of proposed 7-level inverter, which is 120V and 
Figure 11 shows the switching pulse generation using MCSPWM for S1. The voltage across each controlled 
switches can be measured, which is shown in Figure 12 for switch SI and Figure 13 shows the experimental 
setup of proposed system. 


7. CONCLUSION 

In this proposed paper, the multicarrier sinusoidal pulse width modulation scheme was implemented 
to produce a seven level stepped output voltage with reduced harmonics. The proposed inverter energized by 
using photovoltaic system, which boosted through the boost converter. Also this system which minimises the 
common mode voltage level, voltage stress across the various switches improves output and better current 
control is accomplished. And the simulation and experimental results were verified using matlabl6 and dspic 
controller respectively. 
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